Where:
• The parameter is the ratio of the receiver lens radius to the radius of the backpropagated fibre mode.
• is the spatial coherence area.
• is the area of the receiver aperture.
• 0 ( ) is the modified Bessel function.
• 1 and 2 are the radial integration variables of the receiver planes, normalized to the receiver lens radius. 2,0E-14 1,0E-13 1,8E-13 2,6E-13 3,4E-13 4,2E-13 5,0E-13 Coupling efficiency C n 2 (m -2/3 ) 
MOTIVATION
Future quantum communication networks will include both fibre and free-space links. In many cases, interconnection between free space and fibre channels will be desired and thus, optimising this interface will be of utmost importance to avoid signal losses. In daylight free space quantum communication, the required Field Of View of this interface at the receiver needs to be minimised to reduce solar background noise. To achieve this, beam wander effects caused by atmospheric turbulence need to be reduced as much as possible. Beam wander causes the tip and tilt (lowest-order aberration) of the waveform which can be compensated by what is known as fine tracking (and pointing) mechanisms. The fine tracking implemented here uses two Quadrant Detectors (QD) connected to two Fast Steering Mirrors (FSM) through Proportional Integrative Derivative (PID) control loops to stabilise the beam in the whole optical axis of the receiver, which performs better than using one stabilisation point. The next step is to choose a fibre of an optimum diameter to couple the maximum quantum signal and the minimum background solar noise. We test three different fibres to analyse the efficiency of the correcting system and later estimate the reduction in the Quantum Bit Error Rate (QBER). An increase of up to a factor of 4 in the coupling efficiency in Single Mode Fibre (SMF) due to wavefront tilt correction is achieved with our system at 100m and 3 at 300m for strong turbulent regimes (C n 2~1 0 -12 -10 -13 m -2/3 ). These results enable the possibility of fast free space QKD in daylight in strong turbulent regimes, one of the main challenges to make the Quantum Key Distribution (QKD) world wide deployable in realistic conditions.
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Optimising the interconnection of free space to fibre quantum networks 
CHARACTERIZING THE TURBULENCE REGIME
Beam wander due to the atmospheric turbulences can be observed in a Position Sensitive Detector. We calculate the standard deviation of the spot position ( < 2 > ), and translate it to the receiver aperture plane:
where F eff is the effective focal of the receiver optical system.
Based on the beam propagation theory in free space [1], we estimate the turbulence regime through the refractive index structure parameter :
Where L is the link distance is the receiver aperture.
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I) Experimental set up

II) Beam wander scheme
TRACKING ERROR AS A FUNCTION OF THE TURBULENCE REGIME
The system shown in I is tested along 12 hours in a 100 m link, measuring the Standard Deviation (STD) of the focal beam wander ( < 2 > ) in the Position Sensitive Detector (PSD). From this value we obtain C n 2 when the wavefront correcting system is turned off, and the tracking error when it is on.
Small tracking errors allow narrower Field of View (FOV) for collecting the laser beam power, and thus, to increase the coupling efficiency into smaller fibres. We evaluate the optical power coupled into three fibres of different core diameter at the set up shown in I, to determine the optimum choice to be used in a Quantum Key Distribution system.
The coupled power in the fibres for a turbulent regime of C n 2 = 2·10 -12 m -2/3 , with and without correction (PIDs on and PIDs off respectively) results in the following improvement factors:
INCREASED COUPLING EFFICIENCY AND QBER REDUCTION AFTER WAVEFRONT TILT CORRECTION
 9.5 µm fibre core (Single Mode Fibre used in standard telecommunication networks): an improvement factor of 4 was achieved, which is equivalent to a reduction in the QBER of 75%.
 25 µm fibre core: an improvement factor of 2 was achieved, equivalent to a reduction in the QBER of 45%,  50 µm fibre core: the improvement factor was negligible. Experimental data taken for λ=670nm
CALCULATING AND MEASURING THE COUPLING EFFICIENCY
Experimental data taken for λ=670nm
Quantum channel
Tracking channel
